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(57) ABSTRACT

A frame structure of a vehicle, including a frame member
with a closed cross-section structure including plural wall
portions configuring the frame, and a reinforcement member
made of a fiber reinforced plastic and provided to an inner
portion of the closed cross-section structure of the frame
member. The reinforcement member includes a fan shaped
longitudinal wall portion, and a bottom wall portion from
which the longitudinal wall portion protrudes out, and the
bottom wall portion joins one end portion and another end
portion of an arc of the longitudinal wall portion that are
oriented in a row along a length direction of the frame
member to an inner face of a wall portion at a compression
deformation side of the frame member that undergoes bend-
ing deformation due to the front side member being input
with load.

7 Claims, 9 Drawing Sheets
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1
VEHICLE FRAME STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a national phase application based on the PCT
International Patent Application No. PCT/JP2014/063597
filed May 22, 2014, claiming priority to Japanese Patent
Application No. 2013-126720 filed Jun. 17, 2013, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a vehicle frame structure.

BACKGROUND ART

Conventional vehicle frame member structures are known
in which an inner portion frame member with a closed
cross-section structure is disposed at a curved portion of a
vehicle frame member with a closed cross-section structure,
such that bending deformation occurring at the curved
portion due to input of load is suppressed (see, for example,
Japanese Patent Application Laid-Open (JP-A) No. 2008-
126835).

SUMMARY OF INVENTION

However, there is still room for improving structures that
suppress bending deformation from occurring at the frame
member of the vehicle due to the input of load.

Thus an object of the present invention is to obtain a
vehicle frame structure capable of suppressing bending
deformation from occurring at a frame member due to input
of load.

In order to achieve the above object, a vehicle frame
structure of a first aspect according to the present invention
includes a frame member with a closed cross-section struc-
ture including plural of wall portions configuring the frame,
and a reinforcement member made of a fiber reinforced
plastic and provided to an inner portion of the closed
cross-section structure of the frame member, wherein the
reinforcement member includes a fan shaped longitudinal
wall portion, and a bottom wall portion from which the
longitudinal wall portion protrudes out, and the bottom wall
portion joins one end portion and another end portion of an
arc of the longitudinal wall portion that are oriented in a row
along a length direction of the frame member to an inner
face of a wall portion at a compression deformation side of
the frame member that undergoes bending deformation due
to the front side member being input with load.

In the first aspect according to the present invention, the
reinforcement member, made of fiber reinforced plastic and
including the fan shaped longitudinal wall portion and the
bottom wall portion from which the longitudinal wall por-
tion protrudes out, joins the one end portion and the other
end portion of the arc of the longitudinal wall portion
oriented in a row along the length direction of the frame
member to the inner face of the wall portion at the com-
pression deformation side of the frame member that under-
goes bending deformation due to being input with load.

Thus when force is applied such that the frame member
undergoes bending deformation due to the input load, a
circumferential direction tensile force is applied to the
longitudinal wall portion of the reinforcement member, and
a reactive force is generated with respect to the tensile force.
Namely, bending deformation occurring in the frame mem-
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ber is suppressed by the reactive force. Note that the “fan
shape” of the present invention includes substantial fan
shapes that are not strictly fan shapes.

A vehicle frame structure of a second aspect according to
the present invention is the vehicle frame structure of the
first aspect, wherein orientations of fibers in the longitudinal
wall portion runs along a circumferential direction of the
longitudinal wall portion.

In the second aspect according to the present invention,
the orientations of the fibers in the longitudinal wall portion
runs along the circumferential direction of the longitudinal
wall portion. Thus reactive force with respect to tensile force
applied in the circumferential direction to the longitudinal
wall portion is increased, compared to a case in which the
fibers in the longitudinal wall portion are not oriented
running along the circumferential direction of the longitu-
dinal wall portion.

A vehicle frame structure of a third aspect according to the
present invention is the vehicle frame structure of the first
aspect or the second aspect, wherein a pair of the longitu-
dinal wall portions are provided protruding out from the
bottom wall portion and facing each other.

In the third aspect according to the present invention, the
pair of longitudinal wall portions are provided protruding
out from the bottom wall portion and facing each other. Thus
reactive force with respect to tensile force applied in the
circumferential direction to the longitudinal wall portions is
increased, compared to a case in which the longitudinal wall
portions are not provided as a pair protruding out from the
bottom wall portion and facing each other.

A vehicle frame structure of a fourth aspect according to
the present invention is the vehicle frame structure of the
third aspect, wherein the reinforcement member includes
one or plural ribs projecting out from the bottom wall
portion between the longitudinal wall portions alongside and
parallel to the longitudinal wall portions.

In the fourth aspect according to the present invention, the
reinforcement member includes the one or plural ribs pro-
jecting out from the bottom wall portion between the lon-
gitudinal wall portions alongside and parallel to the longi-
tudinal wall portions. Thus the reinforcement member has
improved strength (rigidity) compared to a case in which the
ribs are not provided to the reinforcement member.

A vehicle frame structure of a fifth aspect according to the
present invention is the vehicle frame structure of the fourth
aspect, wherein the rib is formed in a fan shape with
orientations of fibers in the rib running along a circumfer-
ential direction of the rib.

In the fifth aspect according to the present invention, the
rib is formed in a fan shape with the orientations of the fibers
in the rib running along the circumferential direction of the
rib. Thus reactive force with respect to tensile force applied
in the circumferential direction to the rib is increased,
compared to a case in which the orientation of the fibers in
the rib does not run along the circumferential direction of the
rib.

A vehicle frame structure of a sixth aspect according to
the present invention is the vehicle frame structure of the
fourth aspect or the fitth aspect, wherein the rib is close to,
or in contact with, an inner face of a wall portion at a tensile
deformation side of the frame member that undergoes bend-
ing deformation due to being input with load.

In the sixth aspect according to the present invention, the
rib is close to, or in contact with, the inner face of the wall
portion at the tensile deformation side of the frame member
that undergoes bending deformation due to being input with
load. Thus the rib at least contacts or presses against the
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tensile deformation side of the frame member when the
frame member undergoes bending deformation, such that
bending deformation occurring in the frame member is
further suppressed.

A vehicle frame structure of a seventh aspect according to
the present invention is the vehicle frame structure of any
one of the third to the sixth aspect, wherein the reinforce-
ment member includes one or plural partition wall portions
that couple together mutually facing faces of the pair of
longitudinal wall portions.

In the seventh aspect according to the present invention,
the reinforcement member includes the one or plural parti-
tion wall portions that couple together the mutually facing
faces of the pair of longitudinal wall portions. Thus the
strength (rigidity) of the reinforcement member is improved,
compared to a case in which the reinforcement member is
not provided with partition wall portions.

As explained above, the first aspect of the present inven-
tion enables bending deformation occurring in the frame
member due to input load to be suppressed.

The second aspect of the present invention enables reac-
tive force with respect to tensile force applied in the cir-
cumferential direction to the longitudinal wall portion to be
increased.

The third aspect of the present invention enables reactive
force with respect to tensile force applied in the circumfer-
ential direction to the longitudinal wall portion to be
increased.

The fourth aspect of the present invention enables the
strength of the reinforcement member to be improved.

The fifth aspect of the present invention enables reactive
force with respect to tensile force applied in the circumfer-
ential direction to the rib to be increased.

The sixth aspect of the present invention enables bending
deformation occurring in the frame member due to input
load to be further suppressed.

The seventh aspect of the present invention enables the
strength of the reinforcement member to be improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a side view schematically illustrating a configu-
ration of a vehicle frame structure according to an exem-
plary embodiment.

FIG. 2 is a perspective view of a reinforcement member
according to a first exemplary embodiment.

FIG. 3 is a side view illustrating orientations of fibers of
a reinforcement member according to the first exemplary
embodiment.

FIG. 4 is a cross-section taken along line X-X in FIG. 1
viewed in the direction indicated by the arrows.

FIG. 5 is a side view illustrating a modified example of a
partition wall portion of a reinforcement member according
to the first exemplary embodiment.

FIG. 6 is a cross-section illustrating a modified example
of ribs of a reinforcement member according to the first
exemplary embodiment, illustrated similarly to FIG. 3.

FIG. 7 is a vertical cross-section of a center pillar pro-
vided with a reinforcement member according to a second
exemplary embodiment.

FIG. 8 is a cross-section taken along line Y-Y in FIG. 7
viewed in the direction indicated by the arrows.

FIG. 9 is a cross-section illustrating a modified example
of ribs of a reinforcement member according to the second
exemplary embodiment, illustrated similarly to FIG. 8.

DESCRIPTION OF EMBODIMENTS

Detailed explanation follows regarding exemplary
embodiments of the present invention, with reference to the
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drawings. Note that for ease of explanation, in each of the
drawings the arrow UP indicates a vehicle body upward
direction, the arrow FR indicates the vehicle body front
direction, and the arrow OUT indicates the vehicle width
outside direction, as appropriate. In the below explanation
the up-down, front-rear, and left-right directions indicate up
and down in the vehicle body up-down direction, front and
rear in the vehicle body front-rear direction, and left and
right in the vehicle body left-right direction (vehicle width
direction), unless otherwise specified. Although FIG. 1
illustrates the left side of a vehicle 12 provided with a frame
structure 10 according to an exemplary embodiment, the
right side of the vehicle 12 is similar, with left-right sym-
metry thereto.

As illustrated in FIG. 1, a pair of left and right front side
members 14, each acting as a frame member with a closed
cross-section structure and the length direction extending
along the vehicle body front-rear direction, are provided to
both side sections at a front section of the vehicle 12. A
sloped portion (kick portion) 14A is formed at a partway
portion of each of the front side members 14. The vehicle
front side of the front side member 14 extends further to the
vehicle body front side than the sloped portion 14A along the
vehicle body front-rear direction at a position (elevation)
that is a specific height higher than the vehicle body rear side
of the front side member 14.

Moreover, a pair of left and right rear side members 16,
each acting as a frame member with a closed cross-section
structure and the length direction extending along the
vehicle body front-rear direction, are provided to both side
sections at a rear section of the vehicle 12. A sloped portion
(kick portion) 16A is formed at a partway portion of each of
the rear side members 16. The vehicle rear side of the rear
side member 16 extends further to the vehicle body rear side
than the sloped portion 16A along the vehicle body front-
rear direction at a position (elevation) that is a specific height
higher than the vehicle body front side of the rear side
member 16.

The front side members 14 and the rear side members 16
are formed as an integral unit connected through a floor
member 15 acting as a frame member with a closed cross-
section structure extending along the vehicle body front-rear
direction. Since the frame structure 10 of the vehicle 12 at
the rear side member 16 side is similar to the frame structure
10 of the vehicle 12 at the front side member 14 side, the
frame structure 10 of the vehicle 12 at the front side member
14 side is explained below as a first exemplary embodiment.

First Exemplary Embodiment

The vehicle 12 is provided with a substantially flat plate
shaped dash panel 18 that extends along upper faces of the
sloped portions 14A of the front side members 14 and
extends from front end portions of the sloped portions 14A
in the vehicle body upward direction, separating an engine
compartment room 17 from a vehicle cabin 20. As illustrated
in FIG. 4, the sloped portion 14A of each front side member
14 is formed with a hat shaped cross-section, and flange
portions 14B thereof are joined by welding or the like to a
lower face of the dash panel 18, thereby configuring a closed
cross-section structure.

As illustrated in FIG. 1, the front end portion and a rear
end portion (a boundary with the floor member 15) of the
sloped portion 14A form a front side bent portion 22 and a
rear side bent portion 24, respectively. The front side bent
portion 22 is a bent portion bulging toward the vehicle body
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upper side, and the rear side bent portion 24 is a bent portion
bulging toward the vehicle body lower side.

Thus when load toward the vehicle body rear side is input
to a front end portion of the front side member 14 during a
front face collision or the like of the vehicle 12, the front side
bent portion 22 undergoes folding deformation toward the
vehicle body upper side (a lower wall 26, and ridge line
portions 26A that form both vehicle width direction end
portions of the lower wall 26 of the front side member 14
(see FIG. 4) undergo buckling deformation toward the
vehicle body upper side), and the rear side bent portion 24
undergoes folding deformation (buckling deformation)
toward the vehicle body lower side.

Namely, in the front side bent portion 22, the lower wall
26 side of the front side member 14 becomes the compres-
sion deformation side (the stress concentration side) wall
portion, and the dash panel 18 side becomes the tensile
deformation side wall portion. In the rear side bent portion
24, the dash panel 18 side of the front side member 14
becomes the compression deformation side (the stress con-
centration side) wall portion, and the lower wall 26 side
becomes the tensile deformation side wall portion.

Reinforcement members 30, each formed of a fiber rein-
forced plastic (FRP) such as glass fiber reinforced plastic
(GFRP) or carbon fiber reinforced plastic (CFRP), are joined
to an inner face (upper face) of the lower wall 26 that is the
compression deformation side wall portion of the front side
bent portion 22, and the lower face of the dash panel 18 that
is the compression deformation side wall portion of the rear
side bent portion 24. Note that, since the reinforcement
members 30 provided to the front side bent portion 22 and
to the rear side bent portion 24 are the same, explanation
follows regarding the reinforcement member 30 provided to
the front side bent portion 22.

As illustrated in FIG. 2 and FIG. 3, the reinforcement
member 30 includes a pair of flat plate shaped longitudinal
wall portions 32 that face each other, and a rectangular flat
plate shaped bottom wall portion 34 that couples together
side edge portions 32A at a center O side of the pair of
longitudinal wall portions 32, described later, as a single
unit. In other words, the reinforcement member 30 is con-
figured as a single unit with the pair of flat plate shaped
longitudinal wall portions 32 protruding out at both end
portions in the short direction (vehicle width direction) of
the rectangular plate shaped bottom wall portion 34.

As illustrated in FIG. 1 to FIG. 3, in a side view viewed
along the direction in which the longitudinal wall portions
32 face each other (vehicle width direction), each of the
longitudinal wall portions 32 is formed as substantially fan
shaped, with the center O disposed at a point of maximum
curvature P of the lower wall 26 (a center angle thereof is
from 180° to 270°). In a side view of the bottom wall portion
34, the bottom wall portion 34 is formed in a curved (or
bent) shape that curves (or bends) in a bulging shape (a
circular arc shape in this example) following the outline of
the lower wall 26 toward the upper side.

The reinforcement member 30 is made by injection mold-
ing for example, and a gate mark Gm (see FIG. 2), this being
the injection port of the fiber reinforced plastic, is formed at
a center portion of one end portion side in the length
direction (vehicle body front-rear direction) of the bottom
wall portion 34. Namely, by pouring fiber reinforced plastic
through a gate of a mold (not illustrated in the drawings)
corresponding to this location and forming the reinforce-
ment member 30, as illustrated in FIG. 3, fibers F in the
longitudinal wall portions 32 are oriented so as to run along
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the circumferential direction (so as to be substantially par-
allel to the circumferential direction) of the longitudinal wall
portions 32.

As illustrated in FIG. 1 and FIG. 4, an outer face of the
bottom wall portion 34 (a face on the side from which the
longitudinal wall portions 32 do not protrude out) is firmly
joined to the inner face of the lower wall 26 of the front side
bent portion 22 of the front side member 14 using a
structural adhesive J that has a high adhesive strength. Thus
the one end portion and the other end portion of the arc of
each longitudinal wall portion 32 are oriented in a row along
the length direction (vehicle body front-rear direction) of the
front side member 14.

Note that outer faces of the longitudinal wall portions 32
may or may not be joined to inner faces of side walls 28 of
the front side member 14. In FIG. 4, the outer faces of each
of the longitudinal wall portions 32 are joined by the
adhesive J to the inner faces of the respective side walls 28
of the front side member 14.

As illustrated in FIG. 2 and FIG. 4, the reinforcement
member 30 includes plural (two, for example) plate shaped
ribs 36, disposed projecting out from an inner face of the
bottom wall portion 34 (a face on the side from which the
longitudinal wall portions 32 protrude out) as an integral
unit, so as to be alongside each other and parallel to the
longitudinal wall portions 32. Each rib 36 is formed sub-
stantially fan shaped, congruent to each of the longitudinal
wall portions 32, and is formed with the same or slightly
thinner plate thickness than the longitudinal wall portions
32. The fibers of the ribs 36 are also oriented so as to run
along the circumferential direction (so as to be substantially
parallel to the circumferential direction) of the ribs 36.

Namely, the ribs 36 are formed together with the longi-
tudinal wall portions 32 by injecting fiber reinforced plastic
through the gate of the mold mentioned above, such that the
orientations of the fibers of the ribs 36 is the same as the
orientations of the fibers F of the longitudinal wall portions
32. Note that configuration may be made with only one rib
36 projecting out, or with no ribs 36 projecting out. The
strength (rigidity) of the reinforcement member 30 improves
in proportion to the number of ribs 36 projecting out.

As illustrated in FIG. 2 to FIG. 4, the reinforcement
member 30 includes a flat plate shaped partition wall 38
coupling together as an integral unit mutually facing inner
faces of the pair of longitudinal wall portions 32. In cases in
which the partition wall 38 is formed running along the
facing direction of the pair of longitudinal wall portions 32
at the inner face of the bottom wall portion 34, and the ribs
36 are also formed projecting out, the partition wall 38 is
integrally formed projecting out between the ribs 36, and the
height of the partition wall 38 is the same as the height of the
longitudinal wall portions 32 and the ribs 36.

Note that it is sufficient that the partition wall 38 couples
together the inner faces of the pair of longitudinal wall
portions 32, and is not limited to a configuration projecting
out from the bottom wall portion 34. A configuration may be
applied, for example, in which a gap is formed between a
lower end face of the partition wall 38 and the inner face of
the bottom wall portion 34. The plate thickness of the
partition wall 38 is the same or slightly thinner than the plate
thickness of the longitudinal wall portions 32. Thus the plate
thickness of the partition wall 38 is sometimes the same as
the plate thickness of the ribs 36.

In FIG. 2 to FIG. 4, only one partition wall 38 is illustrated
projecting out at a position corresponding to the center O of
the longitudinal wall portions 32 (the maximum bend point
P); however configuration is not limited thereto. As illus-
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trated in FIG. 5, for example, a configuration may be applied
in which plural (for example three) partition walls 38 project
out at regular intervals along the length direction (vehicle
body front-rear direction) of the bottom wall portion 34. A
configuration may also be applied in which no partition wall
38 is provided projecting out. The strength (rigidity) of the
reinforcement member 30 improves in proportion to the
number of partition walls 38 projecting out.

As illustrated in FIG. 6, the ribs 36 may be each formed
in a shape including a protruding portion 36A that projects
out from the longitudinal wall portions 32 in a side view
viewed along the facing direction (vehicle width direction)
of the pair of longitudinal wall portions 32. Configuration
may be applied, for example, in which the height (radius of
curvature) of a center portion along the extension direction
(vehicle body front-rear direction) of the ribs 36 is higher
(greater) than the height (radius of curvature) of the longi-
tudinal wall portions 32, thereby forming substantially cres-
cent shaped protruding portions 36A and placing the pro-
truding portions 36A (ribs 36) close to, or in contact with,
the lower face of the dash panel 18.

Note that in such an example, a configuration may be
applied in which a raised portion 19, raised toward the
vehicle body upper side, is formed to the dash panel 18, and
the protruding portions 36A are close to, or in contact with,
a lower face of the raised portion 19. In cases in which the
protruding portions 36A (ribs 36) are close to the lower face
of the dash panel 18 (raised portion 19), the protruding
portions 36A (ribs 36) are preferably formed at least high
enough to contact the lower face of the dash panel 18 (raised
portion 19) in the event of folding deformation of the front
side bent portion 22.

In cases in which the partition wall 38 is formed at the
same position along the circumferential direction of the
longitudinal wall portions 32 and the ribs 36 as the protrud-
ing portions 36A, as illustrated in FIG. 6, the height of the
partition wall 38 between each of the ribs 36 may be set the
same as the height of the protruding portions 36A (ribs 36).
Namely, the height of the partition wall 38 may be a height
that varies along the facing direction of the pair of longitu-
dinal wall portions 32.

Explanation following regarding operation of the frame
structure 10 of the vehicle 12 of the first exemplary embodi-
ment with the above configuration.

A support portion that supports a suspension member, not
illustrated in the drawings, in a suspended state, and an
engine mount that supports an engine and a transmission
(power unit), not illustrated in the drawings, in a suspended
state, are provided at a straight portion of the front side
member 14 further to the vehicle body front side than the
front side bent portion 22. Load toward the vehicle body
lower side is thereby input to the straight portion of the front
side member 14 through the support portion and the engine
mount due to vibration occurring in the vehicle 12 while the
vehicle 12 is running.

The front side bent portion 22 is a location formed in
advance with a bend, and is a location at which deformation
originates. Thus the front side bent portion 22 sometimes
undergoes resilient deformation so as to fold due to the load
being input and, if the resilient deformation increased, the
vehicle body rigidity would be reduced, vibration and noise
would occur in the vehicle 12, and the handling stability
performance of the vehicle 12 would be reduced.

However, as described above, the reinforcement member
30 is provided to the front side bent portion 22 (see FIG. 1).
Namely, the outer face of the bottom wall portion 34 of the
reinforcement member 30 is joined by the adhesive J to the
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inner face of the lower wall 26 that is the compression
deformation side (stress concentration side) when the front
side bent portion 22 undergoes folding deformation. More-
over, the outer faces of the longitudinal wall portions 32 are
joined by the adhesive J to the respective inner faces of both
side walls 28 of the front side bent portion 22.

Thus when the front side bent portion 22 undergoes
resilient deformation so as to fold, the substantially fan
shaped longitudinal wall portions 32 and the ribs 36 of the
reinforcement member 30 are tensed along the circumfer-
ential direction thereof, such that a reactive force acting
against the tensile force is generated in the longitudinal wall
portions 32 and the ribs 36. In particular, the circumferential
direction is the orientation direction of the fibers F (see FIG.
3), thereby enabling a stronger reactive force to be generated
than in a case in which the circumferential direction is not
the orientation direction of the fibers F.

In the reinforcement member 30, the partition wall 38 is
formed coupled as an integral unit to the pair of longitudinal
wall portions 32 in the facing direction of the longitudinal
wall portions 32 (see FIG. 2, FIG. 4), thereby enabling the
strength (rigidity) of the ribs 36 and the reinforcement
member 30 to be increased, and enabling cross-section
deformation, particularly in the vehicle width direction, of
the reinforcement member 30, to be suppressed or pre-
vented. Namely, cross-section deformation in the vehicle
width direction of the front side bent portion 22 provided
with the reinforcement member 30 can be suppressed or
prevented by the reinforcement member 30.

Thus the strength (rigidity) of the plastic deformation
region, as well as obviously the strength (rigidity) of the
resilient deformation region of the front side bent portion 22,
can be increased, enabling resilient deformation so as to fold
the front side bent portion 22 to be suppressed. This enables
vibration or noise occurring in the vehicle 12, as well as a
reduction in the handling stability performance of the
vehicle 12, during running of the vehicle 12 to be suppressed
or prevented.

In the event of a frontal collision (a full overlap collision
or an offset collision) of the vehicle 12 with an obstacle, not
illustrated in the drawings, load due to the collision is input
to the front end portion of the front side member 14 through
front bumper reinforcement and a crush box, not illustrated
in the drawings. As explained above, the reinforcement
member 30 is provided to the front side bent portion 22 of
the front side member 14, thus increasing the strength
(rigidity) of the plastic deformation region.

Namely, a strong reactive force (resistant force) opposing
the tensile force along the orientation direction (circumfer-
ential direction) of the fibers F is generated at the substan-
tially fan shaped longitudinal wall portions 32 and ribs 36 of
the reinforcement member 30, such that cross-section defor-
mation of the reinforcement member 30 is suppressed or
prevented by the partition wall 38. In cases in which the ribs
36 include the protruding portions 36A (see FIG. 6), the
protruding portions 36A (ribs 36) contact or press against the
lower face of the dash panel 18 during folding deformation
of the front side bent portion 22.

Thus, even when collision load is input to the front end
portion of the front side member 14, and the front side bent
portion 22 attempts to undergo folding deformation (in
particular, the lower wall 26, and the ridge line portions 26 A
that form both vehicle width direction end portions of the
lower wall 26, attempt to undergo buckling deformation
toward the vehicle body upper side), this folding deforma-
tion (buckling deformation) is efficiently suppressed.
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In other words, in the event of a frontal collision of the
vehicle 12, compression force applied to the maximum bend
point P (the center O of the substantially fan shaped longi-
tudinal wall portions 32 of the reinforcement member 30) at
the compression deformation side (lower wall 26) of the
front side bent portion 22 is reduced, and deformation at this
location is lessened. Thus in the event of a frontal collision
of the vehicle 12, the straight portion of the front side
member 14 further to the vehicle body front side than the
front side bent portion 22 can be made to undergo compres-
sion deformation (can be crushed) in the axial direction
thereof (vehicle body front-rear direction) -efficiently,
enabling the input collision load to be efficiently absorbed by
the straight portion of the front side member 14.

Thus in the reinforcement member 30 according to the
first exemplary embodiment, the front side bent portion 22
(the location at which folding deformation is predicted to
occur), attempting to undergo folding deformation due to
load input to the front side member 14, can be efficiently
locally reinforced. This enables suppression or prevention of
a reduction in collision safety performance that would
accompany a compression deformation defect in the axial
direction of the front side member 14, and an increase in the
folding deformation amount of the front side bent portion
22.

Namely, in the event of a frontal collision of the vehicle
12, deformation of the vehicle cabin 20 can be suppressed or
prevented, and a wide space can be secured in the front-rear
direction of the vehicle cabin 20. Moreover, being made of
fiber reinforced plastic, the reinforcement member 30 has a
lighter weight, enabling fuel consumption to be improved
and exhaust gas to be reduced compared to a structure
reinforced by sheet metal or the like. Note that similar
applies in cases in which the reinforcement member 30 is
provided to the rear side curved portion 24, and the front side
bent portion and the rear side bent portion of each rear side
member 16.

Second Exemplary Embodiment

Being made of fiber reinforced plastic, the reinforcement
member 30 has a lighter weight, and so can be provided to
all locations at which the occurrence of folding deformation
is predicted in the event of a collision of the vehicle 12.
Namely, from out of frame members with a closed cross-
section structure configuring the frame of the vehicle 12,
rather than locations that are formed by bending in advance,
for example, an inner portion of a straight center cross
member (not illustrated in the drawings) with a hat shaped
cross-section configuring a closed cross-section structure
with a floor panel (not illustrated in the drawings), or an
inner portion of a center pillar 40 extending in a substantially
straight shape along the vehicle body up-down direction, or
the like, may be provided with the reinforcement member
30.

Explanation follows regarding a second exemplary
embodiment, in which the reinforcement member 30 is
provided to the inner portion of the center pillar 40, this
being an example of a location that is not formed by bending
in advance. Note that the same reference numerals are
appended to locations corresponding to those in the first
exemplary embodiment, and detailed explanation (including
common operation) is omitted as appropriate.

As illustrated in FIG. 1, FIG. 7, and FIG. 8, the center
pillar 40 includes a substantially flat plate shaped inner panel
42 disposed at the vehicle width direction inside extending
along the vehicle body up-down direction, and an outer
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panel 44 with a hat shaped cross-section disposed at the
vehicle width direction outside extending along the vehicle
body up-down direction. Flange portions 42A of the inner
panel 42 and respective flange portions 44A of the outer
panel 44 are joined together by welding or the like, thereby
forming a closed cross-section structure.

In the event of a side-on collision of the vehicle 12, a
portion of the center pillar 40 (a location at which folding
deformation is predicted to occur, such as a belt line portion)
undergoes folding deformation toward the vehicle width
direction inside. Namely, an outside wall 46 of the outer
panel 44 becomes the compression deformation side, and the
inner panel 42 becomes the tensile deformation side. The
reinforcement member 30 is therefore provided to an inner
face of the outside wall 46 of the outer panel 44 such that the
one end portion and the other end portion of the arc of each
longitudinal wall portion 32 are oriented in a row along the
length direction of the center pillar 40 (vehicle body up-
down direction).

Namely, in a side view viewed along the vehicle body
front-rear direction, the bottom wall portion 34 of the
reinforcement member 30 provided to the inner portion of
the center pillar 40 is formed in a curved shape that curves
in a slight bulging shape (a circular arc shape in this
example) toward the vehicle width direction outside along
the shape of the outside wall 46 of the outer panel 44. The
longitudinal wall portions 32 of the reinforcement member
30 are thereby substantially fan shaped, with a center angle
of approximately 180° (specifically, an angle that is slightly
smaller than 180°) in a face-on view.

The outer face of the bottom wall portion 34 of the
reinforcement member 30 is joined by the adhesive J to an
inner face of the outside wall 46, such that the center O of
the substantially fan shaped longitudinal wall portions 32 is
disposed at a position predicted to be the maximum bend
point P of the outside wall 46 when the outside wall 46 of
the outer panel 44 undergoes folding deformation toward the
vehicle width direction inside due to a side-on collision of
the vehicle 12.

Note that, in this reinforcement member 30, the outer
faces of the longitudinal wall portions 32 are also joined by
the adhesive J to respective inner faces of both of the side
walls 48 of the outer panel 44 (see FIG. 8). Moreover, as
illustrated in FIG. 9, a configuration may be applied in which
the ribs 36 including the protruding portions 36A project out
from the reinforcement member 30, and the protruding
portions 36A (ribs 36) are close to, or in contact with, the
inner face of the inner panel 42.

The frame structure 10 of the vehicle 12 according to the
second exemplary embodiment with the above configuration
achieves the same operation as the first exemplary embodi-
ment. Namely, in the event of a side-on collision of the
vehicle 12, a portion of the outside wall 46 of the center
pillar 40 (the outer panel 44) (the belt line portion at which
folding deformation is predicted to occur) undergoes folding
deformation (buckling deformation) toward the vehicle
width direction inside. The reinforcement member 30 is
therefore provided to this portion of the outside wall 46.

Thus when the portion of the outside wall 46 undergoes
folding deformation (buckling deformation) toward the
vehicle width direction inside, the substantially fan shaped
longitudinal wall portions 32 and ribs 36 of the reinforce-
ment member 30 are tensed along the circumferential direc-
tion thereof, namely the orientation direction of the fibers F,
such that a strong reactive force (resistant force) acting
against the tensile force is generated in the longitudinal wall
portions 32 and the ribs 36.
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Moreover, since cross-section deformation of the rein-
forcement member 30 in the vehicle body front-rear direc-
tion is suppressed or prevented by the partition wall 38,
cross-section deformation of the outer panel 44 in the
vehicle body front-rear direction is also suppressed or pre-
vented. Thus folding deformation (buckling deformation) of
the portion of the outside wall 46 toward the vehicle width
direction inside is efficiently suppressed, and deformation of
the vehicle cabin 20 is suppressed.

The frame structure 10 of the vehicle 12 according to the
present exemplary embodiments has been explained above
based on the drawings; however the frame structure 10 of the
vehicle 12 according to the present exemplary embodiments
is not limited to that illustrated in the drawings, and appro-
priate design modifications may be applied within a range
not departing from the spirit of the present invention. The
longitudinal wall portions 32, for example, are not limited to
the configuration in which the pair of longitudinal wall
portions 32 face each other protruding out from the inner
face of the bottom wall portion 34, and a configuration may
be applied in which a single longitudinal wall portion 32
formed with a thicker plate thickness protrudes out at a short
direction center portion (or across the entire short direction)
of the inner face of the bottom wall portion 34.

Note that the center angle of each longitudinal wall
portion 32 is not 90° or less (the center angle of the
longitudinal wall portion 32 is greater than 90°). Moreover,
in a case in which neither the ribs 36 nor the partition wall
38 are formed, by only providing the pair of longitudinal
wall portions 32 facing each other and protruding out from
the inner face of the bottom wall portion 34, the strength
(rigidity) of the reinforcement member 30 may be increased
by, for example, forming the plate thickness of the longitu-
dinal wall portions 32 thicker than that illustrated in the
drawings.

Moreover, the reinforcement member 30 is not limited to
being configured joined to the front side member 14 or the
center pillar 40 (the outer panel 44) and so on by the
adhesive J, and may be configured, for example, joined by
a joining member, not illustrated in the drawings, such as
nuts and bolts or rivets. Furthermore, the reinforcement
member 30 may be provided to the front pillar or the like,
and may be configured provided to the front side member
14, the center pillar 40, the front pillar, or the like by insert
molding or prepreg molding.

Furthermore, the reinforcement member 30 may be pro-
vided to an outer portion, rather than the inner portion of the
front side bent portion 22 of the front side member 14.
Namely, a configuration may be applied in which the inner
face of the bottom wall portion 34 is joined to an outer face
(lower face) of the lower wall 26 of the front side bent
portion 22, and the inner faces of the longitudinal wall
portions 32 are joined to respective outer faces of the side
walls 28 of the front side bent portion 22. Note that in such
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a case, the ribs 36 and the partition wall 38 are not formed
to the reinforcement member 30.

The entire contents of the disclosure of Japanese Patent
Application No. 2013-126720 are incorporated by reference
in the present specification. All publications, patent appli-
cations, and technical standards mentioned in the present
specification are incorporated by reference in the present
specification to the same extent as if the individual publi-
cation, patent application, or technical standard was specifi-
cally and individually indicated to be incorporated by ref-
erence.

The invention claimed is:

1. A vehicle frame structure comprising:

a frame member with a closed cross-section structure
including a plurality of wall portions configuring the
frame; and

a reinforcement member made of a fiber reinforced plastic
and provided on an inner portion of the closed cross-
section structure of the frame member, wherein

the reinforcement member includes a semi-circular
shaped longitudinal wall portion, and a bottom wall
portion from which the longitudinal wall portion pro-
trudes out, and

the bottom wall portion joins one end portion and another
end portion of an arc of the longitudinal wall portion
and is oriented in a row along a length direction of the
frame member up to an inner face of a wall portion of
the plurality of wall portions configuring the frame at a
compression deformation side of the frame member
that undergoes bending deformation due to the frame
member being input with load.

2. The vehicle frame structure of claim 1, wherein orien-
tations of fibers in the longitudinal wall portion runs along
a circumferential direction of the longitudinal wall portion.

3. The vehicle frame structure of claim 1, wherein a pair
of the longitudinal wall portions are provided protruding out
from the bottom wall portion and facing each other.

4. The vehicle frame structure of claim 3, wherein the
reinforcement member includes one or a plurality of ribs
projecting out from the bottom wall portion between the
longitudinal wall portions alongside and parallel to the
longitudinal wall portions.

5. The vehicle frame structure of claim 4, wherein the rib
is formed in a fan shape with orientations of fibers in the rib
running along a circumferential direction of the rib.

6. The vehicle frame structure of claim 4, wherein the rib
is close to, or in contact with, an inner face of a wall portion
at a tensile deformation side of the frame member that
undergoes bending deformation due to being input with
load.

7. The vehicle frame structure of claim 3, wherein the
reinforcement member includes one or a plurality of parti-
tion wall portions that couple together mutually facing faces
of the pair of longitudinal wall portions.
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